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Abstract
A forensic facial approximation is typically undertaken to generate further leads to identity of
the deceased, and over the past ten years there has been a considerable increase in the number
of verified relationships concerning the skull and likely facial appearance. This paper

ip
t

describes the evidence and methods used to approximate the face and facial features of a

cr

young woman whose remains were found in the Belanglo State Forest (New South Wales,
Australia) in August 2010. A review of methodologically analogous forensic facial

us

approximations (i.e. involving some degree of manual manipulation to achieve the results),
and published in international academic journals since 2000, indicates that it is common for

an

methodological description to be minimal. Furthermore, what information is provided clearly

M

shows a surprisingly enduring preference for applying „legacy‟ skull-soft tissue relationships,

ed

despite most of these recommendations having been proven invalid.

Ac

ce
pt
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Over the past ten years there has been a considerable increase in the number of verified
relationships concerning how the skull relates to the surface appearance of the face. As a
consequence many earlier recommendations, particularly those of Gerasimov, Neave and
Krogman [1-4], are either able to be applied with greater confidence, or, as is most often the

ip
t

case, have been found to be invalid. This paper describes the 2D computer-graphic approach

cr

used to approximate the facial appearance of a young woman whose remains were found in

Belanglo State Forest, Australia, in 2010. Rather than gloss the methodology and/or present

us

the results as a fait accomplis, each aspect is justified through reference to relevant peer
reviewed research and published recommendations. Within this justification is also

an

discussion as to why a particular method was considered preferable, as well as, where

M

relevant, feature-specific verified relationships published after this approximation was
undertaken in 2011. This expanded methodological explanation is particularly important

ed

given, as will be discussed, a review of methodologically similar forensic facial
approximations published in international academic journals since 2000 [5-15] shows a

ce
pt

marked tendency for minimal explanation as to how the facial features were accomplished,
and strongly indicates that many of the invalidated recommendations regarding undertaking a

Ac

facial approximation continue to be the tools of choice.

On Sunday, 29th August 2010 a group of trail bike riders alerted police to skeletal remains
they had discovered in dense bushland in Belanglo, a small plantation forest located
approximately halfway between Canberra and Sydney. Analysis undertaken at the
Department of Forensic Medicine (Glebe, Sydney) indicated that the remains, which included
the skull, pelvis, limb bones and lengths of hair, likely belonged to a European female (15-25
years), and that time since death was estimated to be between six months and ten years prior
to discovery (i.e. 2000 – early 2010). Examination of the scene by police officers found a t-
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shirt near the skeletal remains, and a graphic reconstruction of the garment was undertaken
due to its distinct motif (Figure 1). The t-shirt is short sleeved featuring the word 'Angelic' in
pink text, depicts a rose and a heart with angel wings, and had been available for sale in New
South Wales and other parts of Australia from the early to mid 2000s. The t-shirt label

ip
t

indicates it is a size 10, which in Australia is equivalent to „small‟. Media releases initially

cr

outlining the discovery of the remains, and later an image of the reconstructed t-shirt (which
led to this young woman being referred to in the media as „Angel‟), generated leads to

an

missing persons‟ databases, resulted in identification.

us

identification from the Australian public. Unfortunately, neither these, nor a search of

M

In response to the initial inquiry from the New South Wales Police Force Homicide Squad, an
earlier paper describing the initial application of this computer-graphic facial approximation

ed

approach [16] was forwarded to the relevant officers. This was so the police officers were
able to be more informed as to what was involved, what was likely to be required, and what

ce
pt

the possible options may be. It was subsequently agreed that 2D digital photographs would
form the basis of the approximate likeness, and that the results would incorporate a hair-style
referencing the remains. It was also agreed that the process would be as collaborative as

Ac

practically possible, including the police officers as well as forensic specialists, and that the
basis for undertaking the approximation was applied research and available, in due course,
for academic publication (subject to approval prior to submission). This approximation was
commenced on 29th August 2011, exactly a year after the remains were first discovered.

Methods and Results
One of the advantages of undertaking a computer-graphic facial approximation is that
application of the methods can constitute illustrations of the results, and therefore these are
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presented in tandem with the descriptions of the methods applied. Following a brief overview
outlining the general context of the research, the approximation process is presented in the
following sequence: articulation of the mandible and orthogonal image capture, soft tissue
depth application, underlying anatomy, feature identification (eyes, nose, mouth, ears),

ip
t

overall facial shape and indices, and surface appearance. This is, however, an artificial

cr

division of the actual process; all aspects of the head and face are, to some extent, inter-

related. Following this there is an overview of the reporting and media release, as without

us

such coverage a facial approximation is unable to facilitate identification, and after this, the

an

methods used to identify the literature comprising the review.

M

General Context

The remains of the skull, teeth and hair were examined, measured and photographed in situ

ed

within the main examination room of the Glebe Department of Forensic Medicine (DOFM).
This took four days, and all participants were gloved and gowned throughout. In addition to

ce
pt

access to the relevant forensic analyses and reports, this period also involved discussions with
the DOFM Chief Forensic Pathologist, consulting Forensic Odontologist and consulting
Forensic Anthropologist, all of whom had undertaken the analyses of the remains in 2010 and

Ac

concluded that this individual was likely Caucasoid (hereafter European population affinity),
15-25 years of age, and female.

Articulation and 2D photography
Some of the teeth had become loose post-mortem, and these were relocated in their
corresponding sockets by the DOFM Forensic Odontologists, who also identified best fit for
bite. Articulation of the mandible to the cranium involved strips of poster putty being placed
at the tempero-mandibular joint and between the molars to simulate the articular disc and
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freeway space as is commonly recommended [17, 18]. For this approximation the freeway
space is approximately 2.5mm, which is within the average range (2-4mm) verified by
Johnson et al.‟s [19] study of young, living, dentate European adults (N=79, 19-23 years).
The skull was then mounted onto a purpose-built skull stand and orientated in the Frankfurt

cr

ip
t

Horizontal Plane (FHP) referring to the left auditory meatus and left inferior orbital rim.

The articulated and orientated skull was digitally photographed with the assistance of officers

us

from the Sydney Crime Scene Section using a Nikon D200 mounted on a tripod and from a
distance of 2m (which was the maximum distance enabled by the examination room). For

an

both the frontal and lateral views the nasion was used as the central focus point and a vertical

M

scale was positioned at the coronal and sagittal midlines. The images were uploaded into
Adobe Photoshop CS2 to check for camera distortion, and once an orthogonal frontal/lateral

ed

pair had been identified (referencing horizontal and vertical measures of the skull as well as
the scale) these were used for the subsequent approximation. Given the ambient conditions it

ce
pt

took just under one day to achieve satisfactorily clear, high resolution and orthogonal images.

The images were scaled to life-size in Adobe Photoshop CS2, and using a graphics tablet an

Ac

outline trace layer, detailing the shapes of the cranium and mandible in both the frontal and
left lateral orientations, was achieved at 400% magnification (Figure 3). This occurred while
directly referencing the remains to ensure that the outlines captured shape, and not tonal
variations such as discoloration due to weathering. A methodological advantage of producing
this outline trace is that it requires an extended period of concentrated focus on the
morphology of the bones, both with regards to general shape and specific details, such as the
location of craniofacial landmarks and indications of muscle attachments. It also enables
subsequent publication of the skull in situations where, out of respect for the deceased (which
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also occurs in an archaeological context [16]) and in accordance with police protocols,
publication of actual images of the skeletal remains is not desirable.

Soft Tissue Depths (STDs)

ip
t

The STDs applied in this approximation (Table 1, Figure 3) are taken from the weighted

cr

means calculated by Stephan and Simpson [20], and positioned at the angles recommended
by George [21]. Stephan and Simpson [20] closely analysed 66 existing STD studies, and

us

found a number of inconsistencies such as subjective assignment of age, body weight and
population affinity, a lack of standardisation in landmark definitions and identification, and

an

errors in data set reproductions. From the studies where this was able to be reported, Stephan

M

and Simpson found a typical measurement error rate of 10%, which, together with the impact
of other variables (e.g. which methods were used, variations in applied landmark

ed

identification), results in what they estimate to be a conservative error rate of >2mm.
Examining 55 of the more reliable existing STD studies, Stephan and Simpson identified 25

ce
pt

landmarks with sufficient similarity in definition to make them comparable. This comparison
found that what method was applied, the year of publication, and the population affinity, age
and sex of the measured, had little practical value as the conservative STD error rate was

Ac

always greater than the differences arising from these variables. Therefore, Stephan and
Simpson pooled the collected STD data, and calculated the total weighted mean for each
landmark. The result is a data set of STDs that are more robust than any of the individual
studies (for each landmark the average is 3250 individuals, range 545-6786), and is
applicable across sex, age and population affinity.

Only a subset of Stephan and Simpson‟s [20] weighted means have been used for this facial
approximation, due to the soft tissue depths being applied to the orthogonal images and not
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the skull itself. This „hands-off‟ approach removes the necessity of applying adhesive, such
as sticky wax, directly onto the skull, and thereby avoids further bone contamination. A
digital approach also allows for more precise measurement and angulation than manually
cutting and attaching physical depth markers. Digital application, however, imposes a

ip
t

restriction in that only lateral sagittal and frontal coronal soft tissue depths are able to be

cr

applied with confidence. However, as this is a 2D facial approximation, analysis is

concentrated on the lateral and fontal orientations, and therefore the sagittal and coronal

us

landmarks are the most informative.

an

Underlying Anatomy

M

Each of the facial muscles applied in this facial approximation (Figure 4) were built as
separate layers in Adobe CS2 Photoshop, working from the deep to surface muscles, and

ed

warped onto the skull following the shape, density and attachment locations identified and
described in research predating this case [16, 22]. Subsequent applications (e.g. [23]) include

ce
pt

modification to the depressor labii inferioris to more closely agree with Standring [24]. This
revision has, however, a negligible impact on mouth and chin shape in the frontal view.

Ac

Two facial muscles which contribute to outer face shape are the temporalis and masseter.
Stephan and Devine [25] note that the temporalis does not fill out the fossa bordered by the
zygomatic arch, but contains two fatty components: the deep buccal fat pad and the
superficial temporal fat pad. Their cadaveric analyses (N=19: 9M, 10F, 58-97 years) found
the superficial temporal fat pad impacts on shape in producing a bulge superior to the
zygomatic arch. In the cadavers Stephan and Devine dissected this bulge was found to form
either a single (n=5) or double peak (n=5). It is likely that a 3D facial approximation would
be compromised if it did not account for the superficial temporal fat pad, but in a 2D facial

Page 9 of 44

8

approximation the impact of this bulge is subtle (Figure 4), and in this instance in the final
result the surface appearance at the temples is not visible (Figure 2).

While the temporalis impacts on upper face shape, the masseter affects lower face shape. The

ip
t

masseter is comprised of three distinct layers (superficial, middle and deep) [24], but only the

cr

superficial part is represented in this facial approximation (Figure 4). Stephan conducted a
review of literature regarding the masseter [26], and in addition to noting its anatomical

us

composition and attachment patterns, reports that the size of the masseter is sexually
dimorphic, affected by edentulousness, and that facial height, width and gonial angles are

M

an

more reliably related to size.

As is also observed in these studies of the temporalis [25] and masseter [26], anatomical

ed

illustrations differ considerably across popular forensic recommendations (e.g. [3, 17, 27]).
However, representations differ also across the more reputable anatomical references (e.g.

ce
pt

[24, 28-31]). Although these anatomical differences are mostly related to the individual
depicted, the medium of depiction, and the degree of stylisation in the illustration, it is also
the case that the presence of some anatomical features, such as the number of zygomatic

Ac

muscles and the shape of the parotid gland, can vary considerably between individuals [24].
Therefore, although a facial approximation can include some aspects of individual difference
in underlying anatomical features based on attachment patterns (when present), estimation of
these features is unavoidably highly approximate.

Facial Features: Eyes
Examination of the remains shows the orbits to be fairly symmetrical (R: 28.9mm x 35.6mm;
L: 28.7mm x 34.5mm), with the right orbit being located slightly lower on the face relative to
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the FHP (which references the left orbital rim). The recommended average eyeball diameter
within the popular forensic recommendations is 26mm [3] and 25mm [17, 27], though the
ocular anatomist, Wolff [32] records the average human eyeball as 23mm in height and
23.5mm in width. This approximation uses an average eyeball diameter of 24mm, closer to

ip
t

Wolff‟s recommendation. This diameter, however, is an underestimation, as a recent analysis

us

eyeball height and width of 24.3mm and 24.6mm respectively.

cr

[33] of a large number of CT scans (N=375: 204M, 171F; 18-95 years) results in an average

A further legacy forensic recommendation is that the eyeball sits centrally within the orbit [4,

an

34]. Over sixty years ago Wolff [32] noted that the human eyeball is displaced from the

M

orbital centre, and this is further supported by more recent cadaveric studies [35, 36] which
found that, on average, the eyeball is displaced 1.4 mm superiorly and 2.3 mm laterally. For

ed

this approximation the eyeball is positioned approximately 1mm lateral, and 1mm superior, to
the centre of the orbits. This location is less than the results of the cadaveric studies,

ce
pt

particularly laterally, as it appeared to result in too wide a mouth (relative to the medial iris
and infraorbital foramen as is discussed below) – and as the authors themselves note, their
cadaveric research is based on a small number of significantly older individuals. However,

Ac

the recent ocular study of CT scan data mentioned above [33], but published after this
approximation was undertaken, indicates these findings regarding orbital displacement are
broadly applicable to an adult population.

With regards to location of the canthi, Stephan and Donaldson [35] find the endocanthion is,
on average, located within the lacrimal fossa approximately 12mm below the nasion. For this
facial approximation examination of the remains showed the right medial canthial tendon to
be still present within the lacrimal fossa at approximately 11.5mm below the nasion, though
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this may not correspond to the exact antemortem location due to taphonomic processes.
Stephan and Donaldson [35] also verify the legacy recommendation that the tendon of the
lateral canthus corresponds to the location of the malar tubercle on the lateral orbital wall
[37], but for this approximation these were too indistinct to refer to with confidence. Instead

ip
t

the exocanthion is located in accordance with Stephan and Donaldson‟s [35] recorded

cr

average of 7.9mm below the frontozygomatic suture, which is somewhat less than the legacy

us

forensic recommendation of 9.5mm for females [37].

Maximum eyeball protrusion has, traditionally, been taken to correspond to a line connecting

an

the superior and inferior anterior orbital rims [4]. Two studies have found this legacy

M

recommendation to be incorrect. A review of published exophthalmometric measures [38],
which included an MRI study (n=79), found average eyeball protrusion to exceed the legacy

ed

recommendation by 3.7mm, and a later examination of MRI scans [39] (N=39: 11M, 28F;
60-90yrs), resulted in a similar level of greater eyeball protrusion (3.8mm). For this

ce
pt

approximation the projection of the right lateral eyeball is taken to be 3.8mm beyond a line
connecting the orbital rims (Figure 3).

Ac

Other recommendations used here for approximating the eyes include an average iris
diameter of 10-12mm [40], and an iris colour that is a neutral greyscale shade, and therefore
possibly capable of being perceived as a range of hues [17]. It is also possible that the crease
of the upper lid and the suggestion of the shape of the eyebrows may follow the shape of the
superior orbital rim [37], though these relationships are as yet unverified by modern methods.
A somewhat verified relationship regarding the eyebrows does, however, exist. Stephan [41]
measured eyebrow placement and found that for 70-80% of the young adults studied (N=128:
54M, 74F, 18-30 years), the eyebrow peak is located between the medial border of the iris
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and the exocanthion, and that, overall, the peak is located 2.7mm lateral to the medial border
of the iris. However, given the standard deviations are very high Stephan does not
recommend this as a valid guideline for a facial approximation, except in a very general
sense. For this approximation the eyebrow follows the general shape of the superior orbital

ip
t

rim, the peak is rendered fairly indistinct, and in the final result only the left eyebrow peak is

cr

visible, located just lateral to the medial iris (Figure 2). Although, as stated, the relationship
of the eyebrow to the orbital rim is unverified, a face perception study finds that while an

us

absence of eyebrows deleteriously impacts on familiar face recognition, even a highly
stylised indication of eyebrow in the region of the brow ridge restores recognisability [42].

M

an

This suggests that an unverified approximate location is better than none.

Facial Features: Nose

ed

Lateral nasal projection for this approximation was calculated using the algorithms derived
by Rynn et al. [43], whose research findings also add verification to a number of

ce
pt

Gerasimov‟s recommendations for approximating nasal shapes [1, 2]. Because, in this
instance, the most anterior part of the nasal spine is possibly missing (which is a common
occurrence given the delicacy and location of this feature), the height nasion-acanthion was

Ac

taken as an approximate mean value within an arc of possible nasal spine tip locations (±
0.5mm), and lateral nasal dimensions were calculated as follows:


[(rhinion-subnasale 32.6mm)*0.83)] – 3.5 = 23.5mm anterior projection from the
nasion-prosthion plane (valid for all populations studied)



[(nasion-acanthion 46mm)*0.9)] – 2 = 39.4mm vertical projection parallel to the
nasion-prosthion plane (valid for all populations studied)



[(nasion-subnasale 49.7mm)*0.74)] + 3.5 = 40.3mm nasal length from the soft tissue
nasion to nasal tip (valid for European populations only)
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[(nasion-subnasale 49.7mm)*0.63)] + 17 = 48.3mm nasal height from the soft tissue
nasion to subnasal (valid for female European populations only)



[(rhinion-subnasale 32.6mm)*0.5)] + 1.5 = 18mm nasal depth from the nasal tip to

ip
t

soft tissue subnasal (valid for female European populations only).

cr

Rynn et al.‟s [43] findings are derived from CT scans and cephalograms (N=139, <50 years),
and also show that maximum nasal aperture width is approximately 3/5 the width of the

us

fleshed nose, which is this instance results in a maximum nasal width of 33mm. This finding
is particularly useful as an earlier study [44] only tested this relationship with „white‟ (n=73)

an

and „black‟ (n=109) males, and found that while the 3/5 rule was statistically valid for

M

„blacks‟, this did not hold true for „whites‟. Other relationships verified by Rynn et al. [43]
are that (i) the maximum extent of the ala is approximately 6mm beyond the most posterior

ed

point on the lateral wall of the nasal aperture, (ii) maximum ala height corresponds,
approximately, to the christa conchalis on the lateral wall of nasal aperture, (iii) maximum ala

ce
pt

depth is 4mm beneath the lowest point on the curve of the lateral aperture border; (iv) the
shape of the alar groove generally corresponds with the lateral curve of the aperture, and, (v)
as a general rule, „angular‟ nasal apertures tend to have a pointed or angled nasal tip, and

Ac

„rounded‟ apertures, rounded tips.

For this approximation, and in other applications of this method [16, 22, 23], Rynn et al.‟s
[43] relationships relating to the shape of the lateral walls of the nasal aperture and the shapes
of the nasal wings and tip are taken much more literally than the authors likely intended. This
is because to approximate a more general relationship would require a speculative
morphological modification, and a literal interpretation removes the need for such
speculation. A further point is that this approximation uses the general direction of the
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anterior nasal spine to approximate nasal tip location, as per Gerasimov‟s „two tangent‟
method [1, 2], and as applied by Rynn et al. [43]. It transpires, however, that this is a
common misunderstanding resulting from a mistranslation. Gerasimov‟s method actually
involves the direction of the nasal aperture base, lateral to the nasal spine [45], and not the

cr

ip
t

anterior nasal spine itself.

Overall the results of this approximation suggest this young woman likely had a straight nose

us

with a relatively wide base, a slight degree of undulation in the nasal profile, and fairly high,
and long, nasal wings. Because the canine fossae are fairly deep (R:9.2mm; L:7.8mm) then it

an

may be that the naso-labial folds were reasonably marked at the start of the nasal wings [37],

M

but this relationship is as yet unverified. The shape of the nasal tip may also be related to the
shape of the nasal spine [17] but again, this relationship is yet to be reliably tested. There is

ed

also some suggestion by the shape of the lateral borders of the nasal aperture, and the position
of the vomer (though this could be a taphonomic artefact), that the left nasal chamber is

ce
pt

slightly wider than the right.

Facial Features: Mouth

Ac

Unfortunately the upper and lower central incisors were lost post-mortem and not recovered
from the scene. Therefore, to approximate the angle of the upper central incisors a probe was
positioned within the centre of the left upper incisor socket (in accordance with previous
research [16] and with the agreement of the DOFM Forensic Odontologist). The resulting
angle of the probe (Figure 3, lateral) suggests normal anterior occlusion for a female of
European population affinity.
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Another popular forensic recommendation is that mouth width is, for European populations,
equivalent to interpupillary width [4]. This has been invalidated [46, 47]. However, two
metric relationships for calculating mouth width have been derived from living populations.
One includes intperpupillary width ((intercanine width) + 0.57*[(interpupillary width) –

ip
t

(intercanine width)] [46]), which is dependent on an accurate location of the eyeball/iris

cr

within the orbits, and one showing intercanine width is approximately 75% mouth width [48].
For this approximation these calculations are necessarily highly approximate, as the upper

us

left canine was also not recovered from the scene. However, using an estimated intercanine
width of 36.3mm, both of these algorithms produce similar results (48.3mm and 48.4mm

M

an

respectively).

A further verified skeletal relationship, which is very useful for approximations involving

ed

postmortem tooth loss, as in the case here, involves the location of the infraorbital and mental
foramen. Stephan and Murphy [49] conducted a cadaveric study and added further

ce
pt

verification to earlier research by Song et al. [50] who found that mouth corners tend to be
located on the same vertical plane as the inferior orbital foramen, and that the mental foramen
is, on average, approximately 20mm from the oral fissure [50]. For this approximation the

Ac

inferior orbital foramen also aligns with the medial edge of the iris, which has been found to
work moderately well to estimate mouth width in living European subjects [46]. To allow for
a slightly wider mouth, given the estimated intercanine width suggests this may well be the
case, and that the eyeballs have been positioned 1.3mm less laterally than the research
recommends (see above, and refer [35, 36]), the visible mouth corners radiate slightly out
from the width indicated by the foramen/medial iris in the rendering of the surface
appearance (Figure 2).
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The oral fissure is popularly understood to lie approximately ¾ down the length of the upper
central incisors [17], which is close to the anatomical location of slightly superior to the
incisal edges of the anterior maxillary teeth [24]. In this instance, the oral fissure was
approximated in reference to the edge the upper left lateral incisor, which is the only anterior

ip
t

maxillary tooth remaining. As can be seen (Figure 3, frontal), the right and left mental

cr

foramen are asymmetrically located, but both right and left distances between the foramina

identified by Song et al. [50] (mean 20.9mm, s 3.8mm).

us

and this approximate location for the oral fissure (R:22mm; L:19mm) are within the range

an

Calculation of the heights of the vermilion followed research undertaken on living subjects

M

(N=95) [47], which derived the following formulae for adults of European population
affinity:

ed

upper vermilion height = [(0.6*upper central incisor height) + 0.4]
lower vermilion height = [(0.4*lower central incisor height) + 5.5].

ce
pt

However, and again because of the absence of the central incisors, vermilion heights were
estimated for this approximation referring to the upper and lower height averages also

Ac

reported in this study (5.8mm and 8.7mm).

Other recommendations used for approximating the shape of the mouth include a suggestion
that the shape of the vermillion border may possibly be related to the shape of the alveolar
border [47]. In this case neither the canines nor the central incisors predominate and therefore
both the upper and lower vermillion borders were approximated as fairly flat. Philtral width is
understood to possibly correspond to the distance between the centres of the maxillary central
incisors [37], but here philtral width was estimated using the centre of the upper central
incisor sockets.
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Facial features: Ears
For this approximation the tragus is located in relation to the external auditory meatus [29],
and ear height (58mm) is taken to be closely equivalent to the anthropometrically verified

ip
t

average soft tissue distance subnasale-menton [51]. Recommendations within the forensic

cr

literature involve a relationship between ear morphology and the shape of the mastoid

process/angle of the ramus [2, 37], however recent research shows these relationships are

us

statistically invalid [52]. As can be seen, ear shape is minimally approximated here (Figure 4)

an

and not visible in the image released to the media (Figure 2).

M

Head Shape, Cranial and Facial Indices

Overall, this young woman‟s skull is fairly symmetrical, with the right hemiface tending to

ed

display slightly larger measures and angles than the left. The Cranial Index is 73.8
(dolicocephalic head form) which according to Enlow and Hans [53] is often associated with

ce
pt

a long/narrow and possibly protrusive face – which is not the finding here. Overall facial
shape, however, is largely determined by the coronal arc of the cranium together with the
height of the mandibular ramus and angle of the gonion. In this instance, head shape is

Ac

comprised of an oval upper head culminating in a short/square jaw. Unverified
recommendations are that gonial angles of less than 125° (in this case R:110.9°; L:110.7°)
coupled with a wide and low coronoid process is indicative of a round or rectangular lower
face shape [37]. As can be seen (Figure 4), the shape of the upper head is approximated
closely following the shape of the underlying bone, approximately 5mm superior to the bone
from the superior temporal lines (in accordance with the average soft tissue depths for the
vertex). This is unrealistic, as the surface of the skin is likely smoother than this
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representation, but smoothing the flesh would involve an unnecessary element of speculation
given head hair is to be added to the final result (Figure 2).

In order to provide an overall description of this young woman‟s possible facial appearance,

ip
t

facial indices (Table 2) were determined for overall face shape and the features, with

cr

reference to those provided by George [54]. These indices were calculated from the surface
landmarks, and not their bony orientations, as these differ according to the angle of the soft

us

tissue depth (refer Figure 2, in particular lateral view). The facial indices suggest that, relative
to the average, this young woman had a wide face, wide jaw, and wide-spaced eyes, a long

an

nose, short upper and lower lip (nose to mouth, and mouth to start of chin), and the

M

suggestion of a high chin.

ed

Surface Appearance

Prior to rendering the surface appearance, photographs of young adult individuals were

ce
pt

examined, together with 25 reference images displaying similar facial proportions, face
and/or individual feature shapes, and sub-aspects of feature shapes to that suggested by the
foregoing. All resulting approximated features were checked against both the technical and

Ac

anatomical layers (Figures 3 and 4), and an initial draft was forwarded to the NSW police
officers for input as to whether the surface appearance appropriately captured the age range
as determined by the DOFM forensic consultants (15-25 years). The initial appearance was
considered to suggest a face that was too old (appearing more towards mid-20s), and
therefore the surface skin was reworked referring to some younger reference images and the
overall level of tonal shading was reduced. The surface appearance was then rendered to be
further indistinct using a composite layer incorporating both the Texture Grain and Film
Grain Adobe Photoshop CS2 filters. As has been argued for previous archaeological facial
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approximations of anatomically modern humans [16, 22, 55, 56], it is important to render the
surface appearance with some degree of „sketchiness‟. This is not just because of the
approximate nature of the results, but also because a less precise image may also allow for a

cr

averages. However, whether this is actually the case is as yet unverified.

ip
t

broader interpretation of the applied methods, which are, after all, for the most part statistical

The remains of the hair were measured and photographed at the DOFM using a Nikon D200,

us

and the hair lengths were found to fall into the following clusters: 22 and 23cm; 12, 13 and
14cm; 7.5 and 8cm. Because these lengths suggest a hair style, it was agreed that consultation

an

with a hairdresser was both appropriate and desirable. The hairdresser, who at the time had

M

over thirty years‟ full time professional experience in both Australia and the United
Kingdom, was advised that this related to a case which occurred sometime during 2000-2010,

ed

and was shown photographs of the hair. The hairdresser was also supplied with a summary
sheet displaying overall face shape (hairdressing training literature advocates particular styles

ce
pt

for different facial shapes [57]), the range of hair lengths, and tonal variation as indicated
using the Adobe Photoshop CS2 eyedropper tool (Figure 5).

Ac

The advice following this consultation was that given the appearance of the hair mass
(dense), texture (coarse), shape (straight), and the range of lengths, the style which best
accorded with the remains and was the most popular during the period for both teenagers and
young women was a choppily layered style that included a long and large side fringe. The
hairdresser supplied an image best illustrating the style, and this was applied to the
approximation but warped, „coloured‟ and retextured within Adobe Photoshop CS2. This
consultation was beneficial, not just because an experience-based style was able to be
associated with the remains of hair, but also because two assumptions to do with hair style
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and hair morphology were found to be potentially misleading. These were that, for this style
at least, the maximum lengths of hair would have originated at the nape, and not the vertex,
and that while the remains of hair appear wavy, the hairdresser‟s experience was that all hair,
including straight hair, has a tendency to curl after it has been removed from the head. A

ip
t

further point is that after the final result had been submitted (see below), a review of

cr

Australian missing persons images published on the internet was undertaken to see whether
this hair style was common during the decade. Although this review did show that most of

us

the young women tended to be depicted with a less styled appearance, a young Finnish
exchange student who went temporarily missing in March 2011 [58] was found to display a

M

an

similar hair style – and, indeed, similar facial proportions.

There has been an indication that a facial approximation is better identified without head hair

ed

[6], but this could be due to this study involving recognition by participants unfamiliar with
the deceased. Face recognition research suggests that while unfamiliar face recognition (as in

ce
pt

face matching trials) uses similarity of hair style to identify an unknown individual, this does
not hold for familiar face recognition (i.e. friends, family and colleagues) [59]. However, a
more recent study has also found that hairlessness improves recognition of a facial

Ac

approximation, which in this instance was performed on a CT scan of a living subject, and the
recognition tests involved a pool of familiar assessors [60]. There are, however, underlying
methodological issues associated with this study, and the companion paper describing how
the facial appearance was achieved is one of the articles critically evaluated in the literature
review below.

Report and Media Release
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On 26th September 2011 a report of the methods (including Figures 3-5, Tables 1 and 2) and
initial result (Figure 6) was forwarded to the police officers and the forensic team for their
response, and as a consequence the facial approximation was further modified to adjust the
tonal values of the lower vermillion and lip, give greater exposure to the right cheek and jaw

cr

October, and accepted as a final result on 17th October 2011 (Figure 2).

ip
t

line, and lighten the overall hair shade. The modified result was forwarded to the team on 12th

us

To maximise public exposure (i.e. avoiding Australian public and school holiday periods) the
image was released by the NSW Police on Friday, 2nd December 2011, which attracted

an

national television, radio and newspaper coverage. As requested, the official release

M

described the image as a “facial approximation” (e.g. [61]), rather than the more popular
term, “facial reconstruction”. As has been convincingly argued elsewhere [18, 21, 62, 63],

ed

referring to the process and results as a “facial reconstruction” is not desirable. This is
because firstly, within medico-dental and archaeological science „facial reconstruction‟ is

ce
pt

restoration of the skull following injury and/or taphonomic processes. Secondly, given its
dependence on known averages of craniofacial variation, and that some of the legacy
recommendations have yet to be verified, facial approximation is a far more accurate

Ac

description of both the methods and the results. Related to this, there is a further advantage.
Because in both the original media release, and in all subsequent coverage, the NSW Police
refer to a facial approximation, this has enabled the results to be more clearly, and easily,
distinguished in the public eye from popular fiction, where a „forensic facial reconstruction‟
is achieved somewhat miraculously.

In the intervening period since the initial release the image continues to be intermittently
broadcast in the media (newspapers, magazines, television), and continues to evoke new
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leads to identification. Although to date there have been over 130 new leads generated, these
have yet to prove successful. The role of a facial approximation in identification is
understood to be largely due to chance circumstances, and unrelated to either the accuracy or
quality of the likeness produced [6, 64, 65]. However, as the remains were discovered in

ip
t

Belanglo State Forest, which is indelibly associated with the “back-packer murders” of the

cr

early 1990s, it is as yet unknown whether this young woman continues to be unidentified due

us

to the happenstance of international, as well as local, circumstances.

Literature Review

an

Papers identified for this literature review were sourced on 10th August 2013 through the

M

international academic research databases, Web of Science and Scopus. This search was for
the period 2000-2013 inclusive, using the topic search terms „forensic‟ + „facial

ed

reconstruction‟ OR „facial approximation‟, and refined so that only peer reviewed articles
(and not conference proceedings) were displayed. This produced over 100 results for each

ce
pt

search, which were then further refined by only retaining those publications that included
undertaking a facial approximation using methods which are analogous to those described in
this paper. That is, involving some degree of manual manipulation to achieve the final result,

Ac

whether in 3D, 2D, or virtually, using 3D and/or 2D computer graphics, and excluding those
publications describing computerised facial approximations that are methodologically fully
automated (e.g.[66]).

This search resulted in 15 articles, which were further refined as the facial approximations
contained in two research papers [60, 67] were already reported in earlier publications, and of
the three articles indexed in Scopus, but not Web of Science [14, 68, 69], one publication was
only available in Spanish [69], and another could not be located in any academic journal
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database [68]. Of the eleven remaining journal articles constituting this review, only one
publication [6] includes an actual case – that is, a facial approximation undertaken for the
purposes of actual forensic identification. The remaining publications describe facial
approximations undertaken as a laboratory exercise, and applied to unique skulls sourced

ip
t

from past forensic cases, cadavers, anatomical collections, and living individuals. These

cr

articles are summarised, with specific attention to the methods cited to achieve an

approximate facial appearance, in Table 3. As there is often, for various reasons, a significant

us

period between when the research article was submitted for peer review and the actual date of
publication, these papers are listed according their date of submission (which thereby

an

reasonably limits expectations as to how much the facial approximation practitioner was

M

likely to know regarding verified skull/soft tissue relationships).

ed

Discussion

This paper presents the methods used to approximate the facial appearance of a young

ce
pt

woman whose remains were found in Belanglo State Forest, New South Wales (NSW) in
August 2010. The approximation was commenced on 29th August 2011, and the results,
together with a methodological report, was submitted to the NSW Police, the Head of

Ac

Forensic Medicine (Glebe, NSW), the Forensic Odontologist and Forensic Anthropologist on
26th September, 2011, and resubmitted with refinements on 14th October 2011. The image
was released to the media on 2nd December 2011, and since this initial release has assisted in
producing over 130 new individual leads. At the time of writing, however, none have proven
identification. Naturally, it would be far preferable to present this case after this young
woman has been identified. It is, however, possible that this may never happen, and
furthermore, to only present results that are accompanied by a successful identification has
been criticised as self-aggrandising [62]. A further point is that this facial approximation is
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essentially a hypothesis based on the evidence available at the time, and other interpretations,
of both the skull and the methods, are both possible and justifiable.

Since 2000 only one actual forensic facial approximation [6] has been listed in the Web Of

ip
t

Science and Scopus indexed academic journals (however it is likely that forensic cases are

cr

presented in the two papers unable to be reviewed [68, 69]). This forensic case was

undertaken in 1999 (five years before the paper was submitted for publication) and the

us

individual was identified both by other means and before the facial approximation could be
released to the media. All of the other papers (n=10) are laboratory-based exercises [5, 7-15].

an

As can be seen (Table 3) the time scale for achieving the facial approximations reviewed is

M

1999-2012, and there is a reasonable level of international representation (Australia, Brazil,
France, Korea, The Netherlands, UK and USA), with Carl Stephan being the most frequently

ed

published author (n=4), though only in the earlier papers does he himself carry out the

ce
pt

approximations of the individuals depicted.

Within the eleven papers reviewed the facial approximations are based on skulls attained
through a range of different means: past forensic cases with antemortem images of the

Ac

deceased (n=4), an anonymous skull (n=1), photographed and then defleshed cadavers (n=1),
existent medical CT scans of living individuals (n=4), and somewhat disturbingly, cone beam
CT scans taken from student volunteers (n=1).

Most of the laboratory-based facial approximations reviewed were undertaken to assess
recognition and/or accuracy, and the only actual forensic case is similarly embedded within
these concerns (n=10). There is also a frequent interest in exploring the results achieved by
different practitioners, different soft tissue depths, and different media (n=7), and in some
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papers these foci (accuracy/recognisability and methodological variation) are combined.
There is a marked preference for undertaking a 3D facial approximation using clay (n=8); 2D
manual drawing methods are only used on two occasions. Virtual facial approximations are
fairly frequent (n=5), but vary between relatively simple warping methods to a haptic

ip
t

application of virtual 3D clay. Images accompanying the methods reviewed are most often an

cr

illustration of the final result and an antemortem image of the individual approximated (n=7),
though some papers also include the skull and soft tissue depths (n=5), and, if applied, the

us

underlying anatomy (n=5). Two publications contain no images of the facial approximations

an

whatsoever [8, 9].

M

Given the focus of these studies is predominantly a concern with accuracy (how close the
result matches images of the approximated individual), and/or manipulating some of the

ed

variables by which the approximation was undertaken, then it would be reasonable to expect
that the methodology used to carry out these approximations would be presented in some

ce
pt

detail, and moreover, that these methods would show a high level of engagement with
published verified skull-soft tissue relationships. Surprisingly, this is not the case.

Ac

Most of the articles reviewed include at least one citation concerning the soft tissue depths
applied, and as can be seen (Table 3) the most popular is Helmer‟s ultrasound study followed
by Rhine and Moore‟s cadaveric results, both of which are derived from a comparatively
small number of individuals further divided by age, sex, and body mass. None apply Stephan
and Simpson‟s [20] weighted means, but most of the facial approximations reviewed were
accomplished prior to their publication in 2008.
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How the facial features were achieved is less well accounted for. Interestingly, the most
detailed facial approximation methods section occurs in the earliest paper reviewed [5],
which is also the only paper that includes an illustration of the actual method used to
approximate a facial feature (lateral nasal projection). A moderate level of justification is also

ip
t

present in three subsequent publications including the same co-author, who is also

cr

responsible for publishing the one and only actual forensic facial approximation [6, 7, 10].
For the remaining papers (n=8) the methods sections are considerably less informative

us

regarding how the facial approximations were achieved. Some of the methodological
justifications are eclectic [9], contradictory [12], many are fairly minimal [8, 11, 13-15], and

an

in one paper the entirety is covered by a single sentence: “[t]he American method was used to

M

create the facial reconstructions”, with no supporting citation as to which American this may
refer to [11]. In two of the articles reviewed, the facial approximation practitioners are also

ed

authors of popular forensic texts, and therefore it is to an extent understandable that in both
articles these popular texts constitute the sole methodological reference for the facial features

ce
pt

[15, 27].

It is understandable that research conducted prior to publication of validated skull-soft tissue

Ac

relationships would rely on the available recommendations of the time, and there is a
tendency for many of the methods reviewed to cite the popular recommendations provided by
Neave in 1997 [3] and Taylor in 2001 [17], both of whom are highly experienced forensic
practitioners and without a doubt both produce very effective results. It is likely, however,
that it is their extensive experience that contributes to this success, as for the most part their
methodological recommendations are those which have since been proven invalid. Verified
recommendations for approximating the eyes and eyebrows have been in existence since
2002 [38, 41], with further verified relationships regarding the eyes and mouth appearing in
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2003 [39, 46-48]. Eight of the eleven publications reviewed here were submitted for
publication after 2004, but only three facial approximations include application of some of
these verified relationships [7, 10, 14]. Furthermore, and somewhat inexplicably, an
approximation submitted for publication in 2010 [12] directly references two validated

ip
t

relationships by Wilkinson and colleagues for approximating the eyes [39] and mouth [47] in

cr

the methodology section, but the approximations of these features are described according to

us

invalidated legacy recommendations.

Were the papers reviewed only tangentially concerned with facial approximation as it is

an

applied in a forensic context, then the scarcity of methodological explanation and the

M

enduring preference for applying invalidated methods would not really be of concern.
However, all of the papers reviewed are explicitly positioned as presenting research findings

ed

that will advance this field, and furthermore, nearly all of these findings are addressing issues
of facial approximation accuracy. It is hard to understand, therefore, quite why there is what

ce
pt

appears to be a marked disengagement with the methodological research which has been
undertaken within the field, and/or an unwillingness to explain what methods have been
applied, and in particular how the facial features (e.g. eyes, nose, mouth, ears) were achieved.

Ac

Perhaps these issues are related, but either way, it is arguable that research findings submitted
for publication after 2004 that are based on facial approximations using invalidated skull-soft
tissue relationships are presenting „accuracy‟ findings predicated on unnecessarily unreliable
premises.

Conclusion
The method used for this facial approximation of a young woman whose remains were found
in Belanglo State Forest in 2011 is computer graphic, based on 2D orthogonal images of the
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skull and incorporating an anatomical build-up within soft tissue depths. The main
advantages of this approach are that it (i) facilitates collaborative input from the police as
well as forensic specialists; (ii) involves minimal contact with the remains, thereby avoiding
potential damage and further contamination; (iii) uses readily available technologies that are

ip
t

both affordable and easily transportable for working in situ with the remains; and, (iv) is

cr

evidence-based. That is, is methodologically transparent, with each aspect of the process able
to be clearly justified through reference to a comparative wealth of verified skull/soft tissue

Ac

ce
pt

ed

M

an

us

relationships.
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Figure 2
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Figure 4
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Figure 5
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Figure 6
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Table 1

Table 1: Soft tissue depths (from Stephan and Simpson [21]).
Total Weighted
Mean (mm)

Median points
Lateral view
vertex
glabella
nasion
midnasal
rhinion
subnasale
midphiltrum
prosthion
lower lip
labiomental
pogonion
gnathion
menton
Frontal view
zygomatic
mid-ramus
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cr
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t

5
5.5
6.5
4
3
13
11.5
11.5
13
11
11.5
8.5
7
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6
17.5
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Table 2

Implication

81.09

81.50-90.86

Tending towards a
wide face

80.12

65.90-74.30

A wide jaw

40.49

34.30-38.40

Wide-spaced eyes

46.88

41.60-46.00

Tending towards a
long nose

65.34

59.30-69.40

Within normal range

33

Europeans to 34.9

Approximated within
normal range*

25.48

28.50-33.70

A short upper lip
(nose to mouth)

23.99

24.30-28.70

50.61

us

cr

ip
t

Normal Range

41.20-47.60

A short lower lip
(mouth to start of
chin)
A high chin

M

Facial Length Index (nasionmenton/bizygomatic breadth)
Madibulo-Facial Index (bigonial
width/bizygomatic width)
Intercanthal Index (endocanthal
width/exacanthal width)
Nasal Length Index (nasionsubnasale/nasion-menton)
Nasal Width Index (alaala/nasion-subnasion)
Labial Index (lip height/lip
width)
Upper Lip Length Index
(subnasale-stomion/subnasalementon)
Lower Lip Length Index
(stomionlabiomentale/subnasale-menton)
Chin Height Index
(labiomentalementon/subnasale-menton)

Index

an

Table 2: Facial indices (from George [55]).

*This feature was not able to be calculated from the central incisors as these were lost post-mortem, and therefore lip heights and mouth width are highly
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ce
pt

ed

approximate.
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Table

Country

Skull Context

Primary Focus
of Research

Methods of Facial Approximation Used:
Medium
Images
Clay
Drawing
Digital

Approach
3D Stewart [70]
3D Neave [3]
2D drawing (uncited)
2D warping [71, 72]

STD source

Skull, STDs/underlying
anatomy, final result,
antemortem image

3D Neave [3]

None cited

Neave [3]

Results hair, no hair,
antemortem image

3D Combination [5]

Helmer [73]

Taylor & Angel [64], Hoffman & McConathy [45],
Gatliff [74], Krogman [79], Taylor [18], Neave [3],
Farkas & Munro [52]

None

3D Taylor [18]

Rhine & Moore as
reproduced in Taylor
[18]

Taylor [18]

Portrait, naive result,
antemortem image

3D Neave [3]

Helmer [73]

Neave [3], Stephan [39, 47]

Digital

Skull/STDs, underlying
anatomy, results,
antemortem CT scans

3D Neave [3]

Manhein et al. [80]

Wilkinson [28, 81]

Clay

Skull/STDs, underlying
anatomy, final result,
antemortem image

3D Neave [3]

Helmer [73]

Taylor & Craig [83],Wilkinson [28], Stephan [39, 47],
Wilkinson et al. [40], Stephan & Henneberg [49], George
[75], Hoffman & McConathy [45], Gerasimov [1, 2],
Feodosyutkin & Nainys [38], Stephan [42], Farkas et al.
[84]

Clay
Drawing

None

3D (no method used)
3D (uncited)
2D Lateral [75]

Moore (PhD) [85]
Rhine et al. [86]
Quatrehomme (PhD)
[87]

Krogman [4], Gatliff [35], Macho [88], Quatrehomme
(PhD) [87], Enclyclopaedia of Forensic Sciences [89, 90],
Rogers [91], George [75]

Digital

Results x 3 STDs, target
face

3D (no citations)

Rhine & Moore [92]
Santos (MSc) [93]
Tedeschi-Oliveira
(PhD) [94]

None

Digital

Skulls, build up, results,
targets

Lebedinskaya et al.
[95]

Neave [3], Krogman [4], Tian et al.[96], Gatliff [74],
Wilkinson et al.[40], Gerasimov [2], Angel [77], George
[22], Wilkinson et al. [48], Fedosyutkin & Nainys [38]

Clay
Digital

Skull (scan and print),
build up, results,
antemortem image

Domaracki &
Stephan [99]
Rhine & Moore as
reproduced in Taylor
[18]
Helmer [73]

Wilkinson [28], Taylor [18]

10/1999

Australia

4 x past forensic
cases

Method
comparison for
recognition

van der Wal, Neave
et al (2001) [16]

12/1999

The
Netherlands &
UK

1 x 3D print of CT
scan of a living
individual

Accuracy

Clay

Stephan &
Henneberg
(2006) [6]

04/2004
(undertaken
in 1999)

Australia

1 x forensic case
study

Case study
resemblance,
recognition

Clay

Starbuck & Ward
(2007) [9]

10/2005

USA

1 x skull

STD body mass
variation

Clay

Stephan & Arthur
(2006) [7]

03/2006

Australia

1 x past forensic
case

Novice versus
portrait for
resemblance,
recognition

Wilkinson, Rynn et
al. (2006)

03/2006

UK & USA

2 x CT scans of
living individuals

Accuracy and
recognition

Australia

1 x past forensic
case

03/2007

Accuracy,
resemblance,
recognition

Naive, novice,
experienced and
methodological
variation for
accuracy
STD data
comparison and
familiar face
recognition

09/2006

France

25 x cadavers

Fernandes, da Costa
Serra et al.
(2012) [12]

04/2010

Brazil

1 x CT scan of a
living individual

Lee, Wilkinson et al.
(2012) [13]

09/2010

Korea & UK

3 x CBCT scans of
student volunteers

Accuracy

USA & UK

1 x CT scan and
3D print of a living
indivdual

4 x practitioner
and
methodological
variation for
accuracy

1

11/2012

Ac
c

Quatrehomme,
Balaguer et al.
(2007) [10]

Decker, Ford et al.
(2013) [14]

Clay

d

ep
te

Stephan & Cicolini
(2008) [11]

One individual skull and
four results

M

Stephan &
Henneberg
(2001) [5]

us

Date
Submitted

an

Research Paper
(year of publication)

cr

Table 3: Forensic facial approximation journal articles reviewed1 (2000-present, organised by date of submission).

3D Neave [3] and
Wilkinson [28]

3D Taylor [18]
FaceIT [97]
ReFace [98]

Helmer [73]

Sources Cited for Approximating Features
Krogman [4], Gatliff [74], Neave [3], Neave personal
communication, George [75], Feodosyutkin & Nainys
[38], Caldwell [76], Angel [77], Stewart [78], Gerasimov
[1]

Refer to Methods: Literature Review for an explanation of the criteria used for the selection of publications constituting this review
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Figure 1: NSW Police graphic reconstruction of the T-shirt found with the remains,
which led to the deceased being referred to as 'Angel' in the media (reproduced with
permission)
Figure 2: Facial approximation of 'Angel' as released to the media on 2nd December 2011
Figure 3: Frontal and left lateral anthropometric and morphological assessments used in
this facial approximation
Figure 4: Frontal anatomical layers used in this facial approximation
Figure 5: Hair information sheet (approximate facial shape, hair lengths, sampled
colours)
Figure 6: Draft facial approximation submitted to the NSW Police and forensic team for
critical review on 26th September 2011
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